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GAIN CONTROL CIRCUIT AND VARIABLE 
GAIN POWER AMPLIFIER USING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a gain control circuit, and 

a variable gain power ampli?er using the same gain control 
circuit, and more speci?cally to a variable gain high 
frequency power ampli?er using the same gain control 
circuit. 

2. Description of the Background 
A variable gain high-frequency power ampli?er related to 

the present invention will be explained hereinbelow with 
reference to FIG. 7. In FIG. 7. the power ampli?er is roughly 
composed of a high-frequency power ampli?er circuit 100 
and a gain control circuit 200 connected to the high 
frequency power ampli?er circuit 100 for control of the gain 
of the power ampli?er circuit 100. Here, although the power 
ampli?er circuit 100 is well known, the gain control circuit 
200 is not known in the art but known only by the inventors. 
As shown in FIG. 7. the high-frequency power ampli?er 

circuit 100 includes an input matching circuit 2 connected to 
an external input terminal 1, a depletion-type MESFET 
(metal semiconductor ?eld effect transistor) 3 having a gate 
connected to the input matching circuit 2 and a grounded 
source (which constructs a ?rst ampli?er stage 110), an 
inter-stage matching circuit 4 connected to a drain of the 
MESFET 3 via a DC block capacitor Ccl, another depletion 
type MESFET 5 having a gate connected to the inter-stage 
matching circuit 4 and a grounded source (which constructs 
a second ampli?er stage 120). an output matching circuit 6 
connected to a drain of the MESFET‘ 5 via another DC block 
capacitor Cc2 and further to an external output terminal 7, 
a ?rst external voltage supply terminal 10 connected to the 
drain of the MESFET 3 via an inductor and a node 8 (which 
is AC-grounded via a bypass capacitor Cbl), and a second 
external voltage supply terminal 11 connected to the drain of 
the MESFE'I‘ 5 via another inductor and a node 9 (which is 
AC-grounded via another bypass capacitor Cb2). 

Further, the gain control circuit 200 includes a depletion 
type MESFET 14 having a drain connected to a node 12 
between the DC block capacitor Ccl and the inter-stage 
matching circuit 4 and a grounded source (which constructs 
a gain control stage 210) and an external gain control 
terminal 16 connected to a gate of the MESFET 14 via a 
node 15 (which is AC-grounded via another bypass capaci 
tor Cb3). 

In FIG. 7, the gain of the variable gain high-frequency 
power ampli?er circuit 100 can be controlled by the gain 
control stage 210; that is, by controlling the electric con 
ductivity of the depletion-type MESFET 14 on the basis of 
the gate voltage applied to the same MESFET 14. In more 
detail, when the electric conductivity of the MESFET 14 is 
minimized. the gain of the high-frequency power ampli?er 
circuit 100 can be maximized. In contrast with this, when the 
electric conductivity of the MESFET 14 is maximized, the 
gain of the high-frequency power ampli?er circuit 100 can 
be minimized. As the MESFET 14 for controlling the gain 
of the power ampli?er circuit 100. such a depletion-type 
MESFET is generally adopted. because the threshold volt 
age thereof can be controlled easily and further the electric 
conductivity thereof can be increased in spite of a relatively 
short gate width. 
An example of the gain control is as follows: When a 

voltage of 0V is applied to the gain control terminal 16, the 
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2 
electric conductivity of the depletion-type MESFET 14 can 
be maximized, so that the gain of the high-frequency power 
ampli?er circuit 100 can be minimized. Further, when a 
voltage of —3V is applied to the gain control terminal 16, the 
electric conductivity of the depletion-type MESFET 14 can 
be minimized. so that the gain of the high-frequency power 
ampli?er circuit 100 can be maximized. 

Further, the above-mentioned high-frequency power 
ampli?er is constructed by a compound semiconductor 
integrated circuit including a plurality of MESFETs each 
formed of GaAs semiconductor. This is because the GaAs 
semiconductor integrated circuit has such advantages that 
the high-frequency characteristics are excellent and further 
the supply voltage is low, as compared with those of the 
silicon semiconductor integrated circuit, owing to the physi 
cal properties of GaAs semiconductor. 
By the way, the above-mentioned high-frequency power 

ampli?er has been so far used as a ?nal stage ampli?er of a 
radio transmitter. Recently, however, since the radio trans 
mitter has been widely used as a portable radio transmitter 
(e.g., a portable telephone set), the radio transmitter must be 
small-sized, so that the simpli?cation of the total system of 
the radio transmitter, that is, the simpli?cation of the power 
ampli?er incorporated in the radio transmitter as a part of a 
radio system has become severely needed. 

In the related variable gain high-frequency power ampli 
?er as shown in FIG. 7, however. a negative supply voltage 
is essential to control the gain of the power ampli?er circuit 
100. As a result, a convertor for converting a positive 
potential gain control signal into a negative potential gain 
control signal must be incorporated. thus causing a problem 
in that the system construction cannot be simpli?ed. 

SUMMARY OF THE INVENTION 

With these problems in mind. therefore, it is a ?rst object 
of the present invention to provide a gain control circuit and 
a variable gain high-frequency power ampli?er using the 
same gain control circuit, which can simplify the system 
construction thereof. 

Further, a second object of the present invention to 
provide a gain control circuit and a variable gain high 
frequency power ampli?er using the same gain control 
circuit, which can prevent the positive feedback oscillation 
thereof, without increasing the number of the external ter 
minals. 
To achieve the above-mentioned objects, the present 

invention provides a gain control circuit for controlling gain 
of a circuit operative on the basis of a positive supply 
voltage, in accordance with strength of current pulled out by 
the gain control circuit from a control node of the gain 
controlled circuit, comprising: a depletion-type transistor 
having one end connected to the control node of the gain 
controlled circuit, the other end connected to a voltage 
supply terminal to which an external supply voltage is 
applied, and a gate terminal connected to a control signal 
terminal to which an external positive voltage control signal 
is applied; and voltage applying means connected in parallel 
to both ends of said depletion-type transistor, for shifting a 
threshold voltage of said transistor in a positive direction by 

_ applying a shift voltage between both the ends of said 
transistor so that turn-on resistance of said transistor can be 
controlled on the basis of the positive voltage control signal, 
the gain of the gain-controlled circuit being controlled by 
controlling strength of current pulled out from the gain 
controlled circuit on the basis of the positive voltage control 
signal. 
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Here, it is preferable that said voltage applying means is 
a resistance element. a voltage drop generated when current 
?ows through said resistance element being used as the shift 
voltage. 

Further, it is preferable that the other end of said transistor 
and the gate terminal of said transistor are both ac-grounded 
via a bypass capacitance, respectively. 

Further. it is preferable that another resistance element is 
connected between the gate terminal of said transistor and 
the control signal terminal. to prevent signal from being 
transmitted from at least one end of said transistor to the gate 
terminal thereof via a ?oating capacitance. 

Further. it is preferable that the voltage supply terminal 
for said transistor is used in common for a voltage supply 
terminal for the gain-controlled circuit. 

Further, the present invention provides a variable gain 
signal ampli?er device having an ampli?er circuit and a gain 
control circuit for controlling gain of the ampli?er circuit by 
controlling strength of current pulled out from a control 
node of the ampli?er circuit. both the circuits being opera 
tive on the basis of a positive supply voltage respectively. 
wherein said gain control circuit comprises: a depletion-type 
transistor having one end connected to the control node of 
the ampli?er circuit. the other end connected to a voltage 
supply terminal to which an external supply voltage is 
applied. and a gate terminal connected to a control signal 
terminal to which an external positive voltage control signal 
is applied; and voltage applying means connected in parallel 
to both ends of said depletion-type transistor. for shifting a 
threshold voltage of said transistor in a positive direction by 
applying a shift voltage between both the ends of said 
transistor so that turn-on resistance of said transistor can be 
controlled on the basis of the positive voltage control signal. 
the gain of the ampli?er circuit being controlled by control 
ling strength of current pulled out from the ampli?er circuit 
on the basis of the positive voltage control signal. 

Here, it is preferable that when the ampli?er circuit is 
constructed as a multi-stage ampli?er circuit, the control 
node is a node provided after the ?rst-stage ampli?er. 

Further. it is preferable that when each ampli?er stage of 
the multi-stage ampli?er circuit has a positive voltage sup 
ply terrninal respectively, the voltage supply terminal of said 
transistor is connected to one of the positive voltage supply 
terminals of the multi-stage ampli?er circuit except that of 
the ?rst-stage ampli?er. 

Further. it is preferable that when each ampli?er stage of 
the multi-stage ampli?er circuit has a positive voltage sup 
ply terminal respectively, the voltage supply terminal of said 
transistor is connected to the positive voltage supply termi 
nal of the ?rst-stage ampli?er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing a ?rst embodiment of 
the variable gain high-frequency power ampli?er according 
to the present invention; 

FIG. 1A is a circuit diagram showing a modi?cation of the 
?rst embodiment of the variable gain high-frequency power 
ampli?er according to the present invention; 

FIG. 2 is a circuit diagram showing a second embodiment 
of the variable gain high-frequency power ampli?er accord 
ing to the present invention; 

FIG. 2A is a circuit diagram showing a modi?cation of the 
second embodiment of the variable gain high-frequency 
power ampli?er according to the present invention; 

FIG. 3 is a circuit diagram showing a third embodiment 
of the variable gain high-frequency power ampli?er accord 
ing to the present invention; 
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4 
FIG. 3A is a circuit diagram showing a modi?cation of the 

third embodiment of the variable gain high-frequency power 
ampli?er according to the present invention; 

FIG. 4 is a circuit diagram showing a fourth embodiment 
of the variable gain high-frequency power ampli?er accord 
ing to the present invention; 

FIG. 4A is a circuit diagram showing a modi?cation of the 
fourth embodiment of the variable gain high-frequency 
power ampli?er according to the present invention; 

FIG. 5 is a circuit diagram showing a ?fth embodiment of 
the variable gain high-frequency power ampli?er according 
to the present invention; 

FIG. 5A is a circuit diagram showing a modi?cation of the 
?fth embodiment of the variable gain high-frequency power 
ampli?er according to the present invention; 

FIG. 6 is a circuit diagram showing a sixth embodiment 
of the variable gain high-frequency power ampli?er accord 
ing to the present invention; 

FIG. 6A is a circuit diagram showing a modi?cation of the 
sixth embodiment of the variable gain high-frequency power 
ampli?er according to the present invention; and 

FIG. 7 is a circuit diagram showing a variable gain 
high-frequency power ampli?er related to the present 
invention. in which a part thereof is well known but the 
remaining part thereof is not known. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Some embodiments of the variable gain high-frequency 
power ampli?er according to the present invention will be 
described hereinbelow with reference to the attached 
drawings. in which common reference numerals have been 
retained for the similar elements or parts having the same 
functions for brevity of the explanation. 

FIG. 1 shows a ?rst embodiment thereof. As shown in 
FIG. 1. the variable gain high-frequency power ampli?er is 
roughly composed of a high-frequency power ampli?er 
circuit 100 and a gain control circuit 200 connected to the 
high-frequency power ampli?er circuit 100 for control of the 
gain of the power ampli?er circuit 100. 
The high-frequency power ampli?er circuit 100 com 

prises an input matching circuit 2 connected to an external 
input terminal 1. a depletion-type MESFE'I‘ (metal semi 
conductor ?eld effect transistor) 3 having a gate connected . 
to the input matching circuit 2 and a grounded source (which 
constructs a ?rst ampli?er stage 110), an interstage matching 
circuit 4 connected to a drain of the MESFET 3 via a DC 
block capacitor Ccl, another depletion-type MESFET 5 
having a gate connected to the inter-stage matching circuit 
4 and a grounded source (which constructs a second ampli 
?er stage 120). an output matching circuit 6 connected to a 
drain of the MESFET 5 via another DC block capacitor Cc2 
and further to an external output terminal 7, a ?rst external 
voltage supply terminal 10 connected to the drain of the 
MESFET 3 via an inductor and a node 8 (which is 
AC-grounded via a bypass capacitor Cbl), and a second 
external voltage supply terminal 11 connected to the drain of 
the MESFET 5 via another inductor and a node 9 (which is 
AC- grounded via another bypass capacitor Cb2). Further. in 
the above description, AC-grounded implies that only AC 
signals are grounded without grounding DC signals. 

Further. the depletion-type MESFETs 3 and 5 are used as 
the ampli?er stages 110 and 120, respectively. These 
depletion-type MESFETs 3 and 5 are both controlled on the 
basis a negative potential signal. respectively. Further. the 
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reason why the depletion-type MESFETs are used is that the 
depletion-type MESFETs have such an advantage that a 
larger gain can be obtained, as compared with when 
enhancement-type MESFETs are used for the respective 
ampli?er stages 110 and 120. 

Further. any other conventional circuits can be used as the 
high-frequency power ampli?er circuit 100. without being 
limited to only the circuit as shown in FIG. 1. 
The gain control circuit 200 according to the present 

invention is so constructed as to satisfy the system simpli 
?cation as follows: 

The gain control circuit 200 comprises a depletion-type 
MESFET‘ 21 having a drain connected to a node 12 between 
the DC block capacitor Ccl and the inter-stage matching 
circuit 4 and a grounded source (which constructs a gain 
control stage 210), an external gain control terminal 16 
connected to a gate of the MESFET 14 via a node 15 (which 
is AC-grounded via another bypass capacitor Cb3), a high 
resistance element 22 connected between the source and 
drain of the MESFET 21 as a high-frequency cutting-01f 
element, and a third external voltage supply terminal 25 
connected to a node 23 between the source of the MESFET‘ 
21 and the high resistance element 22 via a node 24 (which 
is AC-grounded via another bypass capacitor Cb4). 

Further, the resistance value of the high resistance ele 
ment 22 is set to the order of kilo-ohms (e.g., 10 k9). 

In the variable gain high-frequency power ampli?er cir 
cuit100 as shown in FIG. 1. the gain of the power ampli?er 
circuit 100 can be controlled by the gain control stage 210; 
that is. by controlling the electric conductivity of the 
depletion-type MESFET 21 on the basis of the voltage 
applied to the gate of same MESFET 21. In this case, since 
the high-resistance element 22 is connected between the 
drain and the source of the MESFET 21 (which is di?'erent 
from the gain control circuit 200 shown in FIG. 7), when a 
positive potential is applied to the terminal 25, it is possible 
to apply a relatively high positive potential to the drain of the 
MESFET 21 via the high-resistance element 22, so that it is 
possible to control the conductivity of the MESFET 21 by 
applying a positive Voltage to the gate of the MESFET 21. 

Therefore. for instance, when a voltage of 0V is applied 
to the gain control terminal 16, the electric conductivity of 
the depletion-type MESFET‘ 21 can be minimized, so that 
the gain of the high-frequency power ampli?er circuit 100 
can be maximized. Further, when a voltage of +3V is applied 
to the gain control terminal 16. the electric conductivity of 
the depletion-type MESFET 21 can be maximized. so that 
the gain of the high-frequency power ampli?er circuit 100 
can be minimized. 

As described above, in the high-frequency power ampli 
her as shown in FIG. 1, the gain of the power ampli?er 
circuit 100 can be controlled by applying only a positive 
potential to the gate of the MESFET 21, without use of a 
negative potential as with the case of the circuit as shown in 
FIG. 7. As a result, a convertor for converting the potential 
of the gain control signal can be eliminated. so that the 
system construction can be simpli?ed. Consequently, the 
size of a circuit board on which the power ampli?er is 
mounted can be reduced. with the result that the size of the 
portable radio transmitter such as a portable telephone set 
can be also small-sized. 

Further. in the ?rst embodiment of the variable gain 
high-frequency power ampli?er as shown in FIG. 1. since 
the potential of the high-frequency signal inputted to the 
high-frequency power ampli?er circuit 100 must be con 
verted into a negative potential. another convertor (e.g.. a 
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6 
gate bias circuit 150 as shown in FIG. 4) for converting the 
potential of the high-frequency signals into a negative 
potential is required. 

In the high-frequency power ampli?er as shown in FIG. 
1, however, it is possible to reduce the total number of the 
convertors to be incorporated in the system, as compared 
with the circuit as shown in FIG. 7. 

In addition. in the above-mentioned ?rst embodiment of 
the variable gain high-frequency power ampli?er, since the 
number of the convertors can be reduced, it is possible to 
decrease the number of IC parts to be mounted on a circuit 
board. As a result. the parts cost thereof can be also 
decreased, and further the assembly yield thereof can be 
increased at the same time, with the result that the manu 
facturing cost of the system can be reduced, as compared 
with the case shown in FIG. 7. 
A second embodiment of the variable gain high-frequency 

power ampli?er will be described hereinbelow with refer 
ence to FIG. 2. 

As shown in FIG. 2, the second embodiment of the power 
ampli?er according to the present invention comprises the 
gain control circuit 200 similar to that of the ?rst embodi 
ment shown in FIG. 1, to simplify the system construction. 
However, the gain control circuit 200 of this second embodi 
ment is di?erent from that of the ?rst embodiment in that the 
node 23 between the source of the depletion-type MESFET 
21 and the high resistance element 22 is connected to the 
node 9 (AC-grounded via the capacitor Cb2) through a wire 
26. Therefore, the voltage supply terminal 25 (shown in FIG. 
1) of the MESFET 21 can be used in common with the 
voltage supply terminal 11 of the MESFEI‘ 5. As a result, it 
is possible to eliminate the third voltage supply tenninal 25, 
as compared with the ?rst embodiment. In other words. in 
this second embodiment. it is possible to further simplify the 
system construction, while keeping the number of the ter 
minals same as that of the related power ampli?er (which 
uses a negative potential) as shown in FIG. 7. 

Here, since the number of the supply voltage terminals of i 
the simpli?ed variable gain high-frequency power ampli?er 
can be reduced one, it is possible to eliminate the convertor 
for gain control signal and simultaneously to simplify the 
wiring pattern of the circuit board on which the power 
ampli?er is mounted. Therefore. the circuit board of this 
second embodiment can be further small- sized, as compared 
with that of the ?rst embodiment. 

Further, since the number of the terminals can be reduced, 
it is possible to reduce the contract points between the power 
ampli?er and the circuit board, so that the assembly thereof 
and thereby the assembly yield thereof can be both further 
simpli?ed, as compared with those of the ?rst embodiment. 

Further, it is also possible to reduce the number of the 
voltage supply terminals of the MESFE'I‘ 21 by connecting 
the voltage supply terminal 25 of the MESFET 21 in 
common with the voltage supply terminal 10 of the MES 
FET 3. In this case, however, since the output power of the 
MESFET 3 is connected to the ground via the gain control 
ling MESFET 21, the gain of the power ampli?er is limited. 
In addition, when the voltage supply terminal of the MES 
FET 21 and the voltage supply terminal 10 of the MESFET 
3 are used in common, the output power of the MESFET 3 
is returned to the voltage supply terminal of the same 
MESFET 3 through a positive feedback loop, so that there 
exists the case where the circuit is oscillated. 

Therefore, in this second embodiment. the circuit can be 
prevented from being oscillated by using the voltage supply 
terminal of the MESFET 21 in common with the voltage 
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supply terminal 11 of the MESFET 5. Therefore, it is 
possible to reduce the number of the terminals of the 
variable high-frequency power ampli?er, while simplifying 
the system construction. 
A third embodiment of the variable gain high-frequency 

power ampli?er will be described hereinbelow with refer 
ence to FIG. 3. 

As shown in FIG. 3. in this third embodiment of the 
variable gain high-frequency power ampli?er according to 
the present invention, it is possible to reduce the number of 
the voltage supply terminals, in the same way as with the 
case of the second embodiment, while simplifying the 
system construction. 
As already explained in the description of the second 

embodiment, when the voltage supply terminal 25 (shown in 
FIG. 1) of the MESFET 21 is connected to the voltage 
supply terminal 10 of the MESFET 3 for use in common, 
there exists a problem in that the circuit may be oscillated. 

In this third embodiment. however, it is possible to 
prevent the circuit from being oscillated. even if the voltage 
supply terminal of the MESFET 21 is connected in common 
with the voltage supply terminal 10 of the MESFET 3. 

In more detail. as shown in FIG. 3, the node 23 between 
the source of the MESFET 21 and the high resistance 
element 22 is connected to the node 8 (AC- grounded by the 
bypass capacitor Cbl) via a wire 26. Further, a high resis 
tance element 27 is connected midway of the wire 26. In this 
third embodiment, since the high resistance element 27 is 
connected, even if both the voltage supply terminals of the 
two MESFE'I‘s 3 and 21 are used in common, it is possible 
to prevent the output power of the MESFET 3 from being 
returned to the voltage supply terminal 10 of the MESFET 
3. That is. since the positive feedback can be prevented. it is 
possible to prevent the circuit from being oscillated. Further, 
the resistance value of the high resistance element 27 is set 
to the order of kilo-ohms (e.g., 10 k0). 
A fourth embodiment of the variable gain high-frequency 

power ampli?er will be described hereinbelow with refer 
ence to FIG. 4. 

In the ?rst to third embodiments, a GaAs semiconductor 
is used. When the integrated circuit using the GaAs semi 
conductor is used. there exist such advantages that the high 
frequency characteristics are excellent and further the oper 
ating voltage is low, as compared with the integrated circuit 
using a silicon semiconductor. On the other hand, however, 
the cost of the GaAs integrated circuit is higher than that of 
the silicone integrated circuit. 

Therefore, the object of this fourth embodiment is to 
provide the variable gain high-frequency power ampli?er. 
which can realize the excellent high frequency characteris 
tics at a relatively low operating voltage and at a low cost. 

In more detail, as shown in FIG. 4, in this fourth 
embodiment, the whole ampli?er is not formed on the GaAs 
chip, but the power ampli?er is formed being divided into a 
GaAs chip 300 and an alumina ceramic substrate 400. Here, 
the GaAs chip 300 is mounted on the alumina ceramic 
substrate 400. The alumina ceramic substrate 400 (on which 
the GaAs chip 300 is mounted) is ?tted into a package (not 
shown). and the package (in which the alumina ceramic 
substrate 400 is ?tted) is mounted on a circuit board (not 
shown) as the variable gain high-frequency power ampli?er. 
On the GaAs chip 300. there are formed the depletion 

type MESFET 3 for constructing the ?rst ampli?cation stage 
110. a gate bias circuit 150 (omitted in FIGS. 1 to 3) for 
applying a negative bias potential to the gate of the MESFET 
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8 
3, the inter-stage matching circuit 4, the DC block capaci 
tance Ccl for coupling the inter-stage matching circuit 4 and 
the ?rst ampli?cation stage 110. the depletion-type MES 
FET 5 for constructing the second ampli?cation stage 120. 
another gate bias circuit 160 (omitted in FIGS. 1 to 3) for 
applying a negative bias potential to the gate of the MESFEI' 
5. the DC block capacitance C04 for coupling the gate bias 
circuit 160 and the inter-stage matching circuit 4, the 
depletion-type MESFET 21 for constructing the gain control 
stage 210, and the high resistance element 22 connected 
between the drain and source of the MESFET 21. 

Further, on the alumina ceramic substrate 400. there are 
formed the input matching circuit 2 connected to the input 
terminal 1, the DC block capacitance Cc3 for coupling the 
input matching circuit 2 and an input pad of the GaAs chip 
300, the output matching circuit 6 connected to the output 
terminal 7, the DC block capacitance Cc2 for coupling the 
output matching circuit 6 and an output pad of the GaAs chip 
300, a bypass capacitance Cbl for AC-grounding a junction 
point between the drain of the MESFET 3 (via the inductor) 
and the voltage supply terminal 10, a bypass capacitance 
Cb2 for AC- grounding a junction point between the drain of 
the MESFET‘ 5 (via the inductor) and the voltage supply 
terminal 11, a bypass capacitance Cb3 for AC-grounding a 
junction point between the gate of the MESFET 21 and the 
gain control terminal 16, a bypass capacitance Cb4 for 
AC-grounding a junction point between a node 23 (between 
the drain of the MESFE'I‘ 21 and the high resistance element 
22) and the voltage supply terminal 11, a bypass capacitance 
CbS for AC-grounding a junction point between the respec 
tive low-potential side resistances of the two gate bias 
circuits 150 and 160 and a gate bias voltage supply terminal 
28, and a ground Wire 30 for connecting the respective 
ground pads of the GaAs chip 300 to a ground terminal 29. 

Further. in this fourth embodiment, in order to reduce the 
number of the terminals, a wire 31 connected to the voltage 
supply terminal 11 is formed on the alumina ceramic sub 
strate 400. To the wire 31, the point 9 AC-grounded via the 
bypass capacitance Cb2 and the point 24 AC-grounded via 
the bypass capacitance Cb4 are connected in common. 

In the variable gain high-?'equency power ampli?er as 
described above, it is possible to form all the elements such 
as all the bypass capacitances Cbl to CbS, a part of the DC 
block capacitances Cc3 and C02, the input matching circuit 
2, the output matching circuit 6, and the wire 31 for reducing 
the number of the terminals, on the alumina ceramic sub 
strate 400. Therefore, the capacitances and the wires each of 
which occupies a relatively large area can be removed from 
the GaAs chip 300. Although the GaAs substrate is a costly 
material, since the area of the GaAs chip 300 can be reduced, 
the number of chips 300 formed on a single GaAs wafer can 
be increased. so that the manufacturing cost can be reduced 
to that extent. In other words, it is possible to provide the 
variable gain high-frequency power ampli?er simpli?ed in 
the system construction, high in the high frequency charac 
teristics and further low in the power consumption, at a 
relatively low cost. 
A ?fth embodiment of the variable gain high-frequency 

power ampli?er will be described hereinbelow with refer 
ence to FIG. 5. 

In the ?rst to fourth embodiments. the number of the 
ampli?cation stages is two. Without being limited to only 
two. the number of the ampli?cation stages can be further 
increased. 
As shown in FIG. 5. in this ?fth embodiment. the power 

ampli?er is provided with three ampli?cation stages of the 
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?rst ampli?cation stage 110. the second ampli?cation stage 
120 and a third ampli?cation stage 130. Further, the gain 
control stage 210 is provided between the ?rst and second 
ampli?cation stages 110 and 120. 

Although the gain control stage 210 can be connected 
between the second and third ampli?cation stages "120 and 
130, it is preferable to connect the gain control stage 210 
between the ?rst and second ampli?cation stages 110 and 
120. as shown in FIG. 5. for the reason as follows: 

In the high-frequency power ampli?er, the output power 
is increased in the order of the ?rst, second and third 
ampli?cation stages 110, 120 and 130 in sequence, so that a 
relatively large power is handled by the ?nal ampli?cation 
stage (the third stage 130, in this embodiment). As a result. 
the size of the MESFE'I‘ 5-2 of the ?nal stage 130 is large. 
In contrast with this, the output power handled by the ?rst 
ampli?cation stage (the ?rst stage 110 in this embodiment) 
is smaller than that handled by the ?nal ampli?cation stage. 
As a result. the size of the MESFE'I‘ 3 of the ?rst stage 110 
is smaller than that of the ?nal stage MESFET 5-2. In other 
words. when the gain control stage 210 is connected 
between the ?rst and second ampli?cation stages 110 and 
120. it is possible to reduce the power to be handled by the 
MESFET 21 for constructing the gain control stage 210, so 
that the size of the MESFET 21 can be also reduced. With 
a result. the area of the GaAs chip can be reduced, and 
thereby the manufacturing cost thereof can be reduced to 
that extent. 

Further. in the ?fth embodiment of the variable gain 
high-frequency power ampli?er, in order to prevent the 
number of the terminals from being increased. the voltage 
supply terminal of the MESFET 21 is connected in common 
to the voltage supply terminal 11-1 of the second ampli? 
cation stage 120 (MESFET 5-1). 

Further, although it is possible to prevent the number of 
the terminals from being increased by connecting the volt 
age supply tenninal of the MESFET 21 in common to the 
voltage supply terminal 11-2 of the third ampli?cation stage 
_130 (MESFE'I‘ 5-2), it is preferable to connect the voltage 
supply terminal of the MESFET 21 in common to the 
voltage supply terminal of the ampli?er stage immediately 
after the gain control stage 210 (the second ampli?cation 
stage 120 (MESFE'I‘ 5-1) in FIG. 5), for the following 
reason. 

The power ampli?er according to the present invention 
can be preferably assembled on a circuit board of the 
portable unit. Here. since the portable unit is often brought 
into contact with the human body (as compared with ?xed 
units), there exists a high possibility that static electricity is 
applied to the portable unit. 

Here. if a surge voltage is applied from the side of the 
third ampli?cation stage 130 of a large power into the power 
ampli?er. the applied surge voltage of a large power may be 
introduced into the power ampli?er. Therefore, when the 
voltage supply terminal of the MESFET 21 is connected in 
common to the voltage supply terminal 11-2 of the third 
ampli?cation stage 130 (MESFET 5-2) and in addition when 
the size of the MESFET 21 is relatively small. there exists 
such a possibility that a surge voltage of a high power is 
applied to the MESFET 21. with the result that the MESFET 
21 of the power ampli?er may be damaged by the high 
power surge voltage. In contrast with this. the power to be 
handled by the second ampli?cation stage 120 is smaller 
than that handled by the third ampli?cation stage 130. so that 
the surge introduced into the power ampli?er from the 
second ampli?cation stage 120 is smaller than that intro 
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10 
duced into the power ampli?er from the third ampli?cation 
stage 130. As a result, when the voltage supply terminal of 
the MESFET 21 is connected in common to the supply 
voltage terminal of the ampli?cation stage immediately after 
the gain control stage, it is possible to reduce the possibility 
that the power ampli?er may be damaged by an unexpected 
surge voltage, with the result that the reliability of the 
variable gain high-frequency power ampli?er can be 
increased. 
A sixth embodiment of the variable gain high-frequency 

power ampli?er will be described hereinbelow with refer 
ence to FIG. 6. 

In the second to ?fth embodiments. the number of the 
ampli?er terminals is reduced one by connecting the voltage 
supply terminal of the depletion-type MESFET 21 included 
in the gain control circuit in common to the voltage supply 
terminal of the other MESFET of the power ampli?er. 

In the this sixth embodiment of the variable gain high 
frequency power ampli?er, the number of the voltage supply 
terminals of the power ampli?er is further reduced two or 
more, as compared with the number of the voltage supply 
terminals of the second to ?fth embodiments of the power 
ampli?er. 
As shown in FIG. 6, on the alumina ceramic substrate 

400. there are formed the wire 31 connected between the 
point 9 AC-grounded via the bypass capacitance Cb2 and the 
point 24 AC-grounded via the bypass capacitance CM. and 
a wire 32 connected to the point 8 AC-grounded via the 
bypass capacitance Cbl and further isolated from the wire 
31. Further. the wire 32 is connected to a point AC-grounded 
via a bypass capacitance Cb7. 

Furthermore. on the alumina ceramic substrate 400 of this 
sixth embodiment. an additional wire 33 connected to the 
voltage supply terminal 11 is formed to connect a point 34 
AC- grounded via the bypass capacitance Cb6 and a point 35 
AC-grounded via the bypass capacitance Cb7 in common. 

In the variable gain high-frequency power ampli?er as 
constructed above. the voltage supply terminal of the 
depletion-type MESFET 21 for constructing the gain control 
stage 210 and the voltage supply terminal of the MESFET 
5 for constructing the second ampli?cation stage 120 are 
both connected in common to the wire 31 via the two points 
AC- grounded via the two bypass capacitances Cb2 and CM, 
respectively. Further. the voltage supply terminal of the 
MESFET 3 for constructing the ?rst ampli?cation stage 110 
is connected to the wire 32 via the point 8 AC- grounded via 
the bypass capacitances Cbl. In addition, the two wires 31 
and 32 are both connected in common to the wire 33 via two 
points 34 and 35 AC-grounded via the bypass capacitances 
Cb6 and Cb7, respectively. Further. the Wire 33 is connected 
to one supply voltage terminal 11. Therefore, it is possible 
to connect the voltage ‘supply terminals of the three MES 
FETs 3, 5 and 21 in common to one voltage supply terminal 
11. with the result that two terminals can be reduced in the 
power ampli?er. In other words. in this sixth embodiment. 
the number of the terminals can be further decreased. as 
compared with the second to ?fth embodiments. 

Further. when the voltage supply terminal of the gain 
control stage 210 (MESFET 21) is directly connected in 
common to the voltage supply terminal of the ?rst ampli? 
cation stage 110 (MESFET 3). there exists a possibility of 
circuit oscillation. as already explained. In this sixth 
embodiment. however. the voltage supply terminal of the 
MESFET 21 is connected to the voltage supply terminal of 
the MESFET 3 by interposing three bypass capacitances 
Cb4. Cb6 and Cb7. without connecting both the voltage 
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supply terminals directly. Therefore, it is possible to sup 
press the possibility of the circuit oscillation by connecting 
both the voltage supply terminals of both the MESPETs 21 
and 3 via a plurality of the bypass capacitances. 

Further. it is also possible to form the two bypass capaci 
tances Cb2 and Cb4 integral with each other and further 
form the two bypass capacitances Cb6 and Cb7 integral with 
each other. In this case, the two bypass capacitances can be 
further reduced, so that the manufacturing cost of the power 
ampli?er can be further reduced. 

Further, when the wires for grounding the grounded-side 
electrodes of the two bypass capacitances Cb2 and Cb4 and 
the wires for grounding the grounded-side electrodes of the 
two bypass capacitances Cb6 and Cb7 are formed on the 
alumina ceramic substrate 400 separately from each other. it 
is possible to prevent the circuit form being oscillated 
further securely. 

In the above-mentioned ?rst to sixth embodiments, the 
power ampli?er has been explained on the assumption that 
there exist no ?oating capacitances CD6 and C65 between 
the drain and the gate and between the gate and the source 
of the MESFET 21. In practice. however, there exists the 
case where these two ?oating capacitances CD6 and C65 
cannot be disregarded and thereby neglected. In this case. a 
high-frequency signal (voltage) is transmitted from the drain 
to the gate or further from the drain to source via the gate, 
so that the high-frequency signal (voltage) is transmitted 
from the drain to the ground via the capacitance Cb3. To 
overcome this problem, it is preferable to connect a high 
resistance element RG midway between the gate of the 
MESFET 21 and the capacitance Cb3, as shown in FIGS. 
1A, 2A. 3A, 4A, 5A, and 6A. respectively. When the 
high-resistance element R0 is connected, since high 
?'equency signal (voltage) is not transmitted through the 
capacitance Cb3. it is possible to suppress the ?uctuations of 
the voltage at the gate of the MESFET 21 and further to 
remove the ?uctuations of the resistance value between the 
drain and the source of the MESFET‘ 21, so that the normal 
gain control can be attained. 
As described above. in the variable gain high-frequency 

power ampli?er according to the present invention, it is 
possible to provide the gain control circuit which can satisfy 
the need of system simpli?cation. and the variable gain 
high-frequency power ampli?er utilizing this gain control 
circuit. In addition. it is possible to provide the gain control 
circuit which can reduce the number of external voltage 
supply terminals, while suppressing the circuit oscillation 
due to positive feedback, and the variable gain high 
frequency power ampli?er utilizing this gain control circuit. 
What is claimed is: 
1. A gain control circuit for controlling gain of a circuit 

operative on the basis of a positive supply voltage. in 
accordance with strength of electric power pulled out by the 
gain control circuit from a control node of the gain 
controlled circuit, comprising: 

a depletion-type transistor having one end connected to 
the control node of the gain-controlled circuit, the other 
end connected to a voltage supply terminal to which an 
external supply voltage is applied, and a gate terminal 
connected to a control signal terminal to which an 
external positive voltage control signal is applied; and 

voltage applying means connected in parallel to both ends 
of said depletion-type transistor. for shifting a threshold 
voltage of said transistor in a positive direction by 
applying a shift voltage between both the ends of said 
transistor so that turn-on resistance of said transistor 
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can be controlled on the basis of the positive voltage 
control signal. the gain of the gain-controlled circuit 
being controlled by controlling strength of electric 
power pulled out from the gain-controlled circuit on the 
basis of the positive voltage control signal. 

2. The gain control circuit of claim 1. wherein said voltage 
applying means is a resistance element, a voltage drop 
generated when current ?ows through said resistance ele 
ment being used as the shift voltage. 

3. The gain control circuit of claim 2. wherein the other 
end of said transistor and the gate terminal of said transistor 
are both ac-grounded via a bypass capacitance, respectively. 

4. The gain control circuit of claim 3, wherein another 
resistance element is connected between the gate terminal of 
said transistor and the control signal terminal, to prevent 
signal from being transmitted from at least one end of said 
transistor to the gate terminal thereof via a ?oating capaci 
tance. 

5. The gain control circuit of claim 1, wherein the voltage 
supply terminal for said transistor is used in common for a 
voltage supply terminal for the gain-controlled circuit. 

6. The gain control circuit of claim 4. wherein the voltage 
supply terminal for said transistor is used in common for a 
voltage supply terminal for the gain-controlled circuit. 

7. A variable gain signal ampli?er device having an 
ampli?er circuit and a gain control circuit for controlling 
gain of the ampli?er circuit by controlling strength of 
electric power pulled out from a control node of the ampli 
?er circuit, both the circuits being operative on the basis of 
a positive supply voltage respectively, wherein said gain 
control circuit comprises: 

a depletion-type nansistor having one end connected to 
the control node of the ampli?er circuit. the other end 
connected to a voltage supply terminal to which an 
external supply voltage is applied, and a gate terminal 
connected to a control signal terminal to which an 
external positive voltage control signal is applied; and 

voltage applying means connected in parallel to both ends - 
of said depletion-type transistor, for shifting a threshold 
voltage of said transistor in a‘ positive direction by 
applying a shift voltage between both the ends of said 
transistor so that turn-on resistance of said transistor 
can be controlled on the basis of the positive voltage 
control signal, the gain of the ampli?er circuit being 
controlled by controlling strength of electric power 
pulled out from the ampli?er circuit on the basis of the 
positive voltage control signal. 

8. The variable gain signal ampli?er device of claim 7. 
wherein said voltage applying means is a resistance element. 
a voltage drop generated when current ?ows through the 
resistance element being used as the shift voltage. 

9. The variable gain signal ampli?er device of claim 8, 
wherein the other end of said transistor and the gate terminal 
of said transistor are both ac-grounded via a bypass 
capacitance, respectively. 

10. The variable gain signal ampli?er device of claim 7. 
wherein another resistance element is connected between the 
gate terminal of said transistor and the control signal 
terminal. to prevent signal from being transmitted from at 
least one end of said transistor to the gate terminal thereof 
via a ?oating capacitance. 

11. The variable gain signal ampli?er device of claim 7, 
wherein the voltage supply terminal for said transistor is 
used in common for a voltage supply terminal for the 
ampli?er circuit. 

12. The variable gain signal ampli?er device of claim 10. 
wherein the voltage supply terminal for said transistor is 




